Abstract
Introduction

41
Grain legumes have been intensely studied in recent years due to their richness in protein, fibres, 
47
With its high protein content (about 30%), protein quality, and other health benefits, faba bean has been 48 widely used as food and feed in many parts of the world (Crépon et al., 2009 ). The nutritional and 49 agronomic properties of faba bean make this legume a good alternative to other protein-rich sources of 50 animal origin. Considering the good economical, ecological and nutritional properties, the use of 51 legumes and faba bean should be promoted more among food industry and consumers.
52
Notwithstanding the positive impact on nutrition, the use of legume flours as ingredients in food 53 manufacturing is not so straightforward. For instance, the presence of anti-nutritional factors such as 54 trypsin inhibitors, phytic acid, raffinose family oligosaccharides, tannins, and glucopyranosides in faba 55 beans, are a recognized cause of problems (Youssef & Bushuk, 1986) . For this reason, pre-processing 56 treatments of faba bean flour have been developed, obtaining a reduction of the anti-nutrients 57 concentration (as reviewed by Multari, Stewart, & Russel, 2015) . Particularly, fermentation with lactic 58 acid bacteria has been shown as a simple, low cost and successful biotechnology to achieve a 59 nutritionally enhanced ingredient (Coda et al., 2015; Rizzello et al., 2016) .
60
The use of faba bean flour in breadmaking has been previously reported in literature (Angioloni & 
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In this work faba bean flour, native or fermented with lactic acid bacteria, was added to wheat bread at 67 a high percentage (30%), aiming at the improvement of the protein content and quality. Together with 68 the reduction of anti-nutritional factors, sourdough technology can be used to modify the protein 69 quality of a vegetable food matrix, due to the effects of acidification on the activation of endogenous 
85
Pediococcus pentosaceus I02, previously isolated from faba bean flour (Coda et al., 2017) 
Bread making
120
Three breads were prepared: wheat control bread (WCB), native faba bean bread (NFB) and faba bean 121 sourdough bread (FSB). In faba bean containing bread, wheat flour was replaced with 30% of faba 122 bean flour. The formulas used for bread making are reported in Table 1 . were expressed as g.
138
The crumb grain of breads was evaluated after 24 h of storage using image analysis technology. Images The analysis of starch hydrolysis was carried out on breads with a procedure mimicking the in vivo 
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The chemical composition of the doughs before baking is reported in Table 2 . Due to the fermentation, (Table 2) . Generally, the simple addition of faba bean flour caused an increase of the peptides 222 and free amino acids, markedly when fermentation was carried out. The dough containing 30% of faba 223 bean sourdough was in fact characterized by a content of peptides ca. 15 and 30% higher than NFB and 224 WCB, respectively (Table 2) . Similarly, the total free amino acid amount of FSB dough reached 2007 225 mg/kg of dough, corresponding to an increase of ca. 20 and 80% in comparison with NFB and WCB 226 doughs (Table 2) .
227
The effects of fermentation on protein modification also reflected on the single amino acids profile 228 (Fig. 1) . The concentration of almost all the essential amino acids increased in FSB dough compared to (Table 3) . Compared to WCB, hardness was ca. 30 and 50% higher in NFB 249 and FSB, respectively. Cohesiveness, springiness and resilience decreased significantly in faba bean 250 flour enriched breads, independently of fermentation, and no significant differences were found 251 between native or fermented faba bean flour additions for these parameters. On the contrary, chewiness 252 of WCB and FSB was comparable, whereas it had a lower value for NFB (Table 3) . In these 253 conditions, the high replacement of wheat flour with faba bean markedly affected the texture of bread 254 due to a decrease in gluten content, and weakening of the gluten network.
255
The crumb grain of the breads was determined by image analysis technology. Digital images were pre-256 processed to detect crumb cell total area by a binary conversion (black/white pixels) (Table 3 and Fig.   257 2). The gas cell-total area (corresponding to the black pixel ratio) of the breads containing faba bean while more uneven crumb cells distribution was found for NFB and FSB (Fig. 2) .
263
The incorporation of high amount of legumes has been successfully obtained in biscuits, cake, and processing (Chinma et al., 2016; Rizzello et al., 2014) and protein-rich sources (Arte et al., 2015) .
293
Protein quality is one of the most important attribute for defining the nutritional characteristics of a 294 food matrix. The protein digestibility value in combination with amino acid composition therefore 295 gives a better prediction of the nutritive value.
296
It was previously observed that the total protein content analysis should hide the effect of the 297 proteolysis degree, which results otherwise in similar values for samples that are instead characterized 298 by different bioavailability and nutritional features of the protein (Rizzello et al., 2014) . Based on CS, 299 the sequence of limiting amino acids for all the bread samples were found to be Lys, Thr, and Met 300 (Table 4) . Nevertheless, compared to WCB (CS of 19, 33, and 40% for Lys, Thr, and Met, 301 respectively), the addition of native faba bean flour caused significant (P<0.05) increase of the CS in 302 NFB (34, 55, and 45% for Lys, Thr, and Met, respectively), and particularly after fermentation, leading 303 to the highest CS of FSB for almost all the EAA (data not shown).
304
Overall, EAAI values ranged from 68 to 75.4, showing a slightly higher value for FSB, even though 305 not significant (Table 4) . On the contrary, BV index was highest for FSB (71.8) while no significant 306 difference was observed between WSB and NFB. EAAI indicates the ratio of essential amino acids of 307 the sample compared to the reference, while BV estimates the nitrogen potentially retained by human 308 body after consumption. The PER index, which reflects the capacity of a protein to support the body 309 weight gain, was not significantly different for the three breads, even though, also in this case, slightly 310 higher values were found when faba bean flour was added. Within the indexes that are used to evaluate 311 the nutritional value of foods, NI combines qualitative and quantitative factors and it is considered a 312 global predictor of the protein quality (Curiel et al., 2014) . In the conditions here applied, the value of 313 NI, varying from 16.9 to 23.6, did not show any significant difference between the breads (Table 4) . 
